Calculation of thickness distribution of each material
The conventional EDDC system has been slightly modified to form a composition gradient on the substrate. The parallelogram slit-type shield was inserted between the drum and evaporators, as shown in Fig. S1 . The shield was kept very near the drum with a distance of 1 cm between them. Then, the evaporated atoms from the three sources (Sm, Ba, and Cu) passed through the parallelogram slit and were deposited on the long substrate that was attached to the drum with its direction parallel to the drum axis, as shown in Fig. S1 . In this configuration, the thickness distributions of the three materials are slightly different due to different aspects of the geometry of the system: (1) alignment of the three sources vertical to the drum axis, (2) slit shape in the shield, (3) distance between the source and the drum, and (4) distance between the two crucibles.
Under the configuration with the system geometry that is shown in Fig. S1 , the thickness at (x, kx) of each material can be calculated and is given by following formula:
Here, we assume that the angular distribution of the molecular flux of each source is proportional to cosθ and that the scattering between particles is negligible. The normalized thickness distributions for Sm, Ba, and Cu in this case were plotted as a function of position (x) and are shown in Fig. S1 (B). We can observe that the thickness distributions of the three elements are different. This results in a composition gradient on the long substrate. The SmBCO coated tape with composition gradient was fabricated in the deposition system described in Fig. S1 . The substrates, 30 cm in length and 4 mm in width, were supplied by SuNAM Pvt. Ltd. Co. The structure of the substrate used was LMO/Epi-MgO/IBADMgO/Y 2 O 3 /Al 2 O 3 /Hastelloy, and the value of the full width at half maximum (FWHM) of the LMO (110) peak was 7.5 o in X-ray diffraction. The substrate was spot-welded onto the drum in a parallel direction to the drum axis, and the EDDC system was pumped up to the base pressure of ~10 -6 Torr. The deposition conditions were as follows: deposition temperature of 750 o C, oxygen partial pressure of 20 mTorr in the reaction chamber, drum rotation speed of 100 RPM, deposition rate of 13.3 nm/min at the center of the drum, deposition rates on QCM of Sm: 27 A/s, Ba: 31 A/s, Cu: 7 A/s, deposition time of 60 min, and film thickness of 800 nm. When deposition was finished, the heater was turned off, and the drum naturally cooled down in the oxygen atmosphere of 100 Torr.
As soon as the sample was taken out of the deposition system, the critical current distribution of the 30 cm long tape was measured by a non-contact Hall probe critical current measurement system at the temperature of liquid nitrogen, and the compositional ratio was measured by energy dispersive X-ray analysis (EDAX) at several points on it. Fig. S2(A) shows the relationship between the critical current and the composition of the SmBCO film, which is dependent on the position on the tape. When the superconducting film is expressed as in the formula Sm 1+x Ba 2 Cu 3+y O 7-d , the x value decreases. while the y value increases as the position number increases, as predicted in Fig. S1 (B). This means that the ratio of Sm:Ba in the film decreases, while the Cu:Ba ratio increases as the position value increases. The x values between data points can be extrapolated by the fitting line for the data, and the same can be done for the y values. The set of data covers some area in the 3D plot (x, y, I c ). If we change the deposition rates of Sm:Ba:Cu in the deposition process slightly, an adjacent set of data covering another area in the plot can be obtained. In this way, we can obtain the set of data covering a wide area in (x, y, I c ). By merging all the data, the (x, y, I c ) relationship with position of the tape could be plotted, covering a large area, as shown in Fig. 2(A) . (005) plane ω scan for the sample with the composition of (x, y) = (0.39, 0), marked with • in Fig. S2(A) . The FWHM value is 1.4º.
The X-ray diffraction (XRD) analysis was carried out for the three samples which have compositions of (x, y) = (0.06, 0.89), (0.39, 0), (0.49, -0.15) and are marked with ▲, •, ■ in Fig. 2(A) , respectively. The • sample with composition (0.39, 0) has excellent in-plane and out-of-plane textures, as shown in Fig. S2 . The FWHM value of the SmBCO (104) plane in the XRD φ scan is 4.3º, and the FWHM value of the SmBCO (005) plane in the ω scan is 1.4º, while the cube texture is 96.0% .
In contrast, the ■ sample with composition (0.49, -0.15) has a small fraction of unidentified secondary phases, which is confirmed in the pole figure in Fig. 2(B) with respect to the inner 4 poles and the θ-2θ scan in Fig. S2(B) at the peak where 2θ = 42.0º. The secondary phases can be a cause of sharp decrease in the critical current, as shown in Fig. S2(A) . The sample cube texture is 95.9%.
The ▲sample with composition (0.06, 0.89), which has a high Cu concentration, has 45 o oriented SmBCO grains, as shown in Fig. 2(B) , a small fraction of (103) orientation growth, as shown in Fig. S2(B) , and low % cube texture of 77.9 %. These features generate high angle grain boundaries and result in critical current decrease. (110) of 7.5 o . The long template was wound in 15 turns on the drum with diameter of 1.5 m, as shown in Fig. S4 , and then the EDDC chamber was pumped up to the base pressure of ~ 10 -6 Torr. The deposition conditions are as follows: substrate temperature of 800 o C; oxygen partial pressure of 20 mTorr in the reaction chamber; drum rotation speed of 100 RPM; compositional ratio of Sm:Ba:Cu = 1.33:2.00:3.00, and deposition rate of 2 µm/h. Under these deposition parameters, SmBCO film was coated on the substrate for 2.5 hours, when the final thickness was 5 µm. Subsequently, an oxygen annealing process was conducted as follows: all the heater power was turned off, and oxygen was introduced into the chamber up to the partial pressure of 100 Torr at 600 o C. The drum temperature was then cooled down naturally to room temperature.
As soon as the sample was removed from the chamber, continuous critical current measurements were carried out on the sample using a non-contact Hall probe measurement system at liquid N 2 temperature. The critical current distribution of the 22 m long SmBCOcoated conductor is shown in Fig. 3 .
XRD analysis confirmed that the 5 µm thick film with record I c has excellent inplane and out-of-plane textures with small full-width-half-maximum values (∆φ = 3.7 o and ∆ω = 1.4 o ) in phi and omega scans, as shown in Fig. S3 . 
The periodic oscillation of the critical current in the 22 m long SmBCO coated conductor
Periodic oscillation of the critical current was observed every 79 cm, which is approximately half the circumference of the drum (λ/2). This can be explained as follows:
Two rectangular areas 3cm in width and located on opposite sides of the drum were formed on the surface of the drum by grinding the screw threads. They were intentionally formed on the drum surface for this study using a composition gradient, as shown in Fig. S1 , but due to the rectangular areas, the temperature variation along the circumference of the drum occurred with periodicity of λ/2. When a long tape is wound on the drum, the radiation intensity of the outer halogen lamps at the position 'a' is smaller than that at 'b' because the screw thread partially blocks the radiation. Therefore, the substrate temperature at position 'a' is lower than that at'b'.
Therefore, the temperature of the tape oscillates with periocity of λ/2. This was reflected in the critical current distribution in the 22 m long SmBCO coated conductor with periocity of the half circumference λ/2, as shown in Fig. S4 . The critical current completes one oscillation with the half circumference λ/2, and the width of the I c peak is found to be 3 cm, which is exactly equal to the width of the rectangular area on the drum. 
